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Abstract 



PURPOSE: To facilitate the judgment of a welding state and to rapidly, certainly and perfectly weld a 
synthetic resin material with excellent workability. 

CONSTITUTION: In a method for welding a synthetic resin plate or pipe, a synthetic resin welding 
material 3 having high transparency is placed on a synthetic resin material 4 to be welded and irradiated 
with infrared rays A from the outside thereof to directly heat the synthetic resin material 4 to be welded to 
weld the same. 
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Title of the Invention: Method of Welding Plastic Workpieces 
[Abstract] 

[Construction] In a method of welding plastic plates or pipes, a 
plastic welding material (3) of high transparency is placed on welded 
plastic workpieces (4); infrared radiation is externally irradiated 
thereton whereby the welded plastic workpieces (4) are directly 
heated to be welded together. 

[Effect] Fast and efficient operation can be performed; 
discrimination of weld condition can be facilitated; and reliable and 
perfect weld can be achieved. 

[Claims] 

[ Claim 1 ] A method of welding plastic workpieces, characterized in 
that a transparent plastic welding material is placed on welded 
portions; and infrared radiation is externally irradiated thereton, 
whereby the welded portions are directly heated to be welded 
together. 

[Claim 2] The welding method of claim 1, wherein a transparent 
plastic welding material representing an average transmissivity 
equal to or higher than 10% with respect to light ray of a wavelength 
in the range from 0.8 /zmto 1.6 n m, is placed on the welded plastic 
workpieces. 

[Claim 3] The welding method of claim 1, wherein the welded 
portions are placed in an inert gas atmosphere. 
[Claim 4] The welding method of claim 1, a plastic material 
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representing an average light transmissivity equal to or lower than 
5% with respect to light ray of a wavelength in the range from 0.8 n 
m to 1.6 jumis interposed between the welded portions and the 
welding material. 

[Claim 5] The welding method of claim 1, wherein a plastic 
material representing an average light transmissivity equal to or 
lower than 5% with respect to light ray of a wavelength in the range 
from 0.8 » m to 1.6 »m is adhered to the back surface of the welding 
material. 

[ Claim 6] The welding method of claim 1, wherein a halogen lamp 
or xenon lamp is used as infrared radiation generating means, and an 
ellipsoidal mirror is employed as condenser means. 

[Claim 7] The welding method of claim 1, wherein laser radiation 
of a wavelength in the range from 0.8 n m to 1.6 n m is used as 
infrared radiation source. 

[Claim 8] The method of claim 1, wherein the heating-welding 
process is carried out with the welded portions being pressed by 
means of a transparent quartz plate. 

[Claim 9] The method of claim 1, wherein the portions ad heated 
and welded are immediately subjected to pressure welding. 

[Detailed Description of The Invention] 

[0001] 

[Industrial Field in Which The Invention Is Utilized] The present 
invention relates to a method of welding plastic workpieces, and 
more particularly to a novel method of welding plastic workpieces, 
wherein plastic plates or pipes are efficiently and reliably welded 
together, and the weld condition of the welded portions are easily 
discriminated whereby trouble due to imperfect welding can readily 

be avoided. 
[0002] 



[Prior Art and Problems] Attempts have conventionally been made 
to weld various types of plastic material, and in practice, plastic 
workpieces such as plates and pipes have been welded. In the 
welding of plates, pipes or the like made from polyvinyl chloride 
which is a typical plastic resin material, it is well known in the art 
that use is made of a welding rod of a suitable composition, onto 
which hot air is applied to heat welded portions while at the same 
time causing the welding rod to be softened or melted, whereby the 
welded portions and welding rod are welded together. 

[ 0003] In the welding of polyethylene, polypropylene or the like, 
too, it is well known in the art that hot air is applied onto surfaces to 
cause the surfaces to be melted and bonded together. However, such 
conventional methods are disadvantageous in that the work 
efficiency is low and no effective means is available for 
discriminating whether or not perfect weld has been achieved at the 
welded portions. 

[0004] In the case where a waste disposal site is constructed, it has 
been the usual practice that the surfaces of the site are covered with 
concrete and the concrete is covered with plates of plastic resin 
having a high weather resistance such as polyethylene, 
polypropylene or the like, with a view to preventing permeation into 
the earth of toxic substance emitted from waste. In the operation 
for welding the plastic plates of polyethylene, polypropylene or the 
like that is performed in such practice, the welding speed is low! a 
large amount of labour and time is required; and no effective means 
is available for discriminating whether or not perfect weld has been 
achieved when the welding operation is over. Accident such as 
permeation into the earth of toxic substance due to imperfect weld 
has often occurred so far. In view of such circumstances, it has been 
desired that countermeasures be urgently established for making it 



possible to easily discriminate whether or not perfect weld is 
achieved. 

[0005] The present invention has been made with a view to 
overcoming the above-mentioned drawbacks of the prior art. It is an 
object of the present invention to provide a novel method of welding 
plastic workpieces, which is highly advantageous in terms of 
operating performance over the prior-art method, facilitates 
discrimination of the condition of weld, and achieves perfect weld. 

[0006] 

[Means for Solving the Problems] With a view to solving the 
above-mentioned problems, the present invention provides a method 
of welding plastic members, characterized in that a transparent 
welding material is placed on members to be welded together; and 
infrared radiation is externally irradiated onto the welded members 
whereby the welded members are directly heated (Claim l). 
Furthermore, as preferred embodiments, the present invention also 
provides welding methods characterized in that in the foregoing 
method, a transparent plastic material representing an average light 
transmissivity of 10% or higher, preferably of 20% or higher in the 
wavelength range fom 8 /x m to 1.6 n m is used as welding material 
(Claim 2); that inert gas is applied onto the welded members so that 
the welded members are disposed in an atmosphere of inert gas 
(argon, nitrogen, C0 2 , or the like) (Claim 3); that welding is effected 
with a plastic material representing an average light transmssivity 
of 5% or lower being held between the welded members and the 
welding material (Claim 4); that a halogen lamp, xenon lamp or the 
like is employed as infrared radiation source, and an elliptical mirror 
is used as condenser (Claim 6); that laser radiation of a wavelength 
in the range from 0.8 //mto 1.6 m m is used as infrared radiation 
source (Claim 7); that the welded members are heated and welded 



while being depressed with a transparent quartz member (Claim 8); 
and further that in the above-mentioned welding method, the 
members which have been welded together are immediately pressed 
by means of rollers. 
[0007] 

[Operation] The present welding method comprising the 
aforementioned steps has been achieved on the basis of new findings 
which will be described hereinbelow. The inventors have 
extensively studied about heating method which can be substituted 
for the convention technique of resorting to hot air, and as a result 
have conjectured that use of infrared radiation would be most 
efficient and made concrete investigations to enhance efficiency of 
welding operation. Consequently, the inventors have found out that 
through the use of infrared radiation, a high welding speed can be 
achieved that is more than ten times as high as that in the 
conventional method. . 

[0008] With the method of using infrared radiation, the welding 
speed has been increased, and thus the welding efficiency has been 
greatly enhanced; however, it was still a big problem how 
discrimination of weld condition should be made. Thus, the 
inventors have further made extensive investigation about the 
relationship between the method of making synthetic resin and the 
property of an article made of such synthetic resin, and the 
relationship between such property and the characteristics of 
infrared lamp, and as a result have invented a novel welding method. 
It has been confirmed that the novel method is an ideal method in 
that it is not only highly efficient but also is accurate in terms of 
discrimination inspection of weldment and is easy to carry out. 

[0009] In the case of polyethylene resin, for example, difference in 
transparency occurs with the method of making such resin. Resin 



chips fabricated under a high pressure were used as starting 
material; such resin chips were melted, worked into a plate and then 
quickly cooled. This resulted in the plate representing enhanced 
transparency even to the naked eyes. Such high transparency 
plastic plates (thickness T = 1.7mm, 3.0mm) was measured in terms 
of light transmissivity. As can be seen in Fig. 1, the result is that 
high transmissivity occurs in the wavelength range from 0.8 /x m to 
1.6 ii m. 

[0010] The transmissivity characteristics were varied depending 
on the process of making plastic chips used as starting material, the 
cooling conditions which are applied after the chips have been melted 
and worked into plate, and the thickness of the plate, but any 
substantial difference in the dependency of transmissivity on 
wavelength was not observed. This means that when infrared 
radiation in the wavelength range from 0.8 jumto 1.6 /z m is used, the 
radiation is permitted to pass through the plastic plates, and thus by 
employing plastic resin having such property as welding material, 
the radiation is permitted to pass the welding material so that direct 
welding of the plastic plates to be welded together and the welding 
material can be achieved. 

[0011] While part of the irradiated radiation is absorbed by the 
welding material, a majority thereof is permitted pass therethrough 
to reach the portions to be welded together so that the surfaces of the 
plastic workpieces are thereby heated. Thus, when a material 
having a high absorbing power with respect to infrared radiation (i.e., 
a material having a low transmssivity) is chosen for the workpieces, 
the radiation is absorbed at the surfaces of the plastic workpieces so 
that the surfaces of the plastic workpieces can easily be heated up to 
the melting point thereof. In this way, the surfaces of the plastic 
workpieces and the welding material can be easily welded together. 



[0012] Characteristically, there is a tendency that light 
transmissivity of a plastic resin is further increased when the 
melting pointed is reached, in the case where no additive having 
extra high light absorbing power is contained. As the temperature 
is increased by irradiating infrared radiation thereonto, light 
transmissivity of a welding material prior to being heated is 
gradually increased so that the radiation is permitted to reach the 
underlying workpieces to be welded together. Thus, it is preferred 
that plastic resin to be used as welding material have as high a 
transmissivity as possible, but no practical difficulty would be 
experienced with a welding material having a transmissivity as low 
as 10%. 

[0013] While infrared radiation source may be constituted either 
by a lamp or laser device insofar as it represents a peak in the 
neighborhood of 0.8 n m to 1.6 n m, it is considered that a halogen 
lamp is most preferable. Fig. 1 also illustrates the dependency on 
wavelength of light emission efficiency (2200K, 3000K) of halogen 
lamp. As can be seen from Fig. 1, a majority of light emanating from 
the lamp is concentrated in the vicinity of 0.8 u m to 1.6 n m so as to 
be able to be utilized without loss, i.e., most efficiently. A further 
advantage of halogen lamp is that such lamp is inexpensive and its 
life span exceeds 1000 hours. 

[0014] As infrared radiation output is increased in an attempt.to 
increase the welding speed, the portions to be welded together will be 
overheated on the way so as to be reacted with air and burnt so that 
the surfaces thereof will turn out black. Such turn-out-black 
phenomenon tends to cause a sudden drop in the bond strength. 
Thus, to avoid occurrence of such phenomenon, it is preferred that a 
condition that no exygen exists be established in the neighborhood of 
the welded workpieces by flowing an inert gas such as argon, 



nitrogen gas or the like thereto. In practice, when it is attempted to 
perform welding by using the method of this invention, blackening 
can be restrained to such extent to be substantially negligible since 
the amount of residual air is small with the welding material and the 
workpieces being disposed in intimate contact with each other. 
When it is attempted to work out welding with respect to ceiling from 
below for example, how the welding material should be held becomes 
a problem; in such a case, the welding material may be supported by 
means of a transparent quartz plate attached to a fixture, whereby 
the welding operation can be smoothly carried out so that 
satisfactory welding can be achieved. Such transparent quartz 
plate represents a proper transmissivity with respect to infrared 
radiation, and thus even if such plate is subjected to sudden 
overheating or cooling, any accident such as cracking or the like will 
be caused to occur so that the plate will be able to be employed 
without any problem. 

[0015] In case welding is effected without using such clear quartz 
plate, it may sometimes happen that air remains at the welded 
portions thus causing defective welding. In such a case, the quantity 
of such residual air can be decreased by pressing the welded portions 
at the surfaces thereof by means if a roller or the like, thus resulting 
in a satisfactory welded condition. Further, discrimination of 
welded condition can be facilitated by resorting to the method of this 
invention. In Jpractice, the below-mentioned phenomenon can be 
observed at the welded portions. The welding material was initially 
an opaque plate, but it turned out substantially clear when heated in 
the course of welding operation. As the temperature decreased after 
the welding operation was over, the plate became opaque but not 
completely opaque so that the underlying welded plastic resin was 
viewed through the plate. In the case where black welded plastic 
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members are used as underling portions, it will be appreciated that 

the condition of the underlying portions can be observed more clearly. 

[0016] Opaque circular or nearly elliptical portions are observed at 

places that can readily be distinguished from the hue of colour of the 

surroundings. Such portions were cut vertically with respect to the 

welded plastic workpieces and welding material, and the portions of 

different hue of colour were observed from lateral direction; as a 

result it has been found that such portions are imperfectly welded 

portions and that such portions appeared different in hue of colour 

from the surrounding due to the fact that the workpieces and welding 

material were separated. 
[0017] This implies that discrimination as to whether or not 

welding has been completely effected can readily be achieved. 
Welding was effected with the welding material being placed on the 
welded plastic workpieces and while depressing the quartz plate from 
above; the welded portion where no difference in hue of colour is 
observed was cut and observed; and as a result, separation of the 
welded portions or incomplete welding was not found. 

[0018] As will be appreciated from the foregoing discussion, 
according the method of the present invention, it is possible to 
achieve excellent result such as quick and highly effective welding 
and accurate and simple discrimination of the condition of the welded 
portions which were not feasible with the prior art. It goes without 
saying that no limitation is laid upon the kinds of plastic workpiece 
material and welding material. Such materials include polyolefin 
resin such as polyethylene, polypropylene or the like, polyvinyl 
chloride, etc. Needless to say, it is preferred that the materials for 
the plastic workpiece and welding piece be identical ones or similar 
ones. It is essential that the light transmissivities be coordinated 
as discussed. 



[0019] Fig. 2 illustrates the outline of the method of welding 
plastic members according to the present invention. I n the 
embodiment illustrated in Fig. 2, the welding apparatus comprises a 
reflector 1, and a halogen lamp 2, wherein light ray A emanating 
from the halogen lamp 2 is condensed at the reflector 1 and then 
irradiated onto the welded portions of welding material 3 and platic 
workpieces 4 placed on a concrete base 5. Although no inert gas 
supply is shown in Fig. 2, it is possible that inert gas may be jetted 
onto the welded portions through use of piping or the like if occasion 
demands. 

[0020] More specifically, in the present welding process, a welding 
material cut into required width is disposed on seam joint between 
welded plastic workpieces and then light4 emanating from the 
halogen lamp 2 is irradiated thereonto from above with the aid of the 
reflector 1 serving as condenser. In a practical example, the welded 
plastic workpieces use a blank which is tailored such that the light 
tasnsmissivity in the infrared region from 0.8 v m to 1.6 n m is equal 
to or lower than 5% on an average, whereas the welding material 
uses a blank that is tailored such that the light tasnsmissivity in the 
infrared region from 0.8 /imto 1.6 n m is equal to or higher than 30% 

on an average, for example. 
[0021] The thinner the workpiece, the higher the light 

transmissivity; however, for a required mechanical strength, it may 

be considered that the standard thickness of the workpiece is about 2 

to 3 mm. Needless to say, the thickness of the workpiece may be 

either smaller or larger than the above-prescribed value, and the 

optimum transmissivity may change depending on the thickness. 

The process of the present invention will now be described in greater 

detail with reference to illustrated embodiment. 

[0022] 
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[Embodiment] Polyethylene plate-like workpieces were welded at 
abutting end surfaces by means of such arrangement as shown in Fig. 
2. A polyethylene piece was used as welding material. More 
specifically, firs of all, the welding polyethylene piece was placed on a 
welded portion, i.e., the seam joint between the workpieces, and then 
light ray emanating from halogen lamp was irradiated thereonto. 
Part of the light ray was abosorbed by the welding material, whereas 
the remainder of the light ray was permitted to arrive at the welded 
polyethylene plate like workpieces thus heating the surfaces thereof, 
so that the surfaces of the workpieces were immdiatgely joined to the 
welding material. The welding material, when melted, turned out 
clear and devoid of opaque poxtions. This made it possible to easily 
discriminate whether or not proper heating was effected. 

[0023] When the welding material turned out devoid of opaque 
portions, pressing by rollers was continued and welding was 
permitted to proceed. As a result, welding at about 1 m per minute 
could be easily achieved. If the output of the halogen lamp is 
increased and rapid heating is effected in an attempt to increase the 
welding speed, then welded plastic plate-like workpiece will be 
overheated and begin burning, producing a large quantity of smoke, 
so that the joining strength of the welded portions will be suddenly 
decreased. To avoid this, welding is effected with increased output 
of the halogen lamp while blowing argon gas. By so doing, 
production of smoke was avoided, and more quick welding was 
performed. Also satisfactory welding strength was achieved. 

[0024] Further, a portion where no opaque portion was observed 
through visual insepction, was cut longitudinally, and the weld 
condition was examined with the aid of a microscope. As a result, it 
has been confirmed that the weld was perfect with all the ten 
examined spieces. In the prior art, no effective means was available 



- 11 - 



for discriminating whether or notthe welding is perfect after the 
welding operation has been finished, and it was a big problem that it 
was not possible to confirm if perfect weld condition was achieved. 
With the method of this invention, it has been verified that such 
confirmation can be easily and reliably achieved by simple means 
such as visual inspection. 

[0025] In the case where a halogen lamp is used as infrared 
radiation source in the method of the present invention, the welding 
apparatus for carrying out the present method weighs about 2 to 5 kg 
so that the device can be manipulated by single hand, whether a 
glass mirror or metal mirror is used as reflector or metal. The life 
span of halogen lamp exceeds 1000 hours under the condition it was 
used in the embodiment. The amount of power required for welding 
workpieces about 50mm in width was about 400 W to 600 W for the 
welding speed of lm per minute. Operating cost is extremely low. 

[0026] It goes without saying that the welding apparatus may be 
employed not only as a hand-held type but also as automatic welder 
in combination with self- advancing means. 

[0027] From the foregoing detailed discussion, it will be 
appreciated that the present invention is advantageous over the 
prior art in that highly speedy and reliable operation can be 
performed, and above all in that weld condition can be easily 
discriminated and perfect weld can be reliably achieved. 

[Brief Description of the Drawings] 

Fig. 1 shows graphs illustrating the relationships between the 
light transmissivities and light emission characteristics of halogen 
lamp and xenon lamp when polyethylene was used as synthetic resin. 

Fig. 2 is a schematic view showing the arrangement according 
to an embodiment of the present invention. 
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